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NOVEL COMPOUNDS 
Field of the Invention 

5 The present invention discloses novel [13]thiazolo[4,5-d]pyrimidin-2(3H)-one derivatives 
together with processes for their preparation, pharmaceutical compositions comprising 
them and their use in therapy. 

Background of the Invention 

10 

Chemokines play an important role in immune and inflammatory responses in various 
diseases and disorders, including asthma and allergic diseases and inflammatory bowel 
disease (IBD), as well as autoimmune pathologies such as rheumatoid arthritis and 
atherosclerosis. These small secreted molecules are a growing superfamily of 8-14 fcDa 
is proteins characterised by a conserved four cysteine motif* The chemokine superfamily can 
be divided into two main groups exhibiting characteristic structural motifs, the Cys-X-Cys 
(C-X-C) and Cys-Cys (C-C) families. These two groups are distinguished on the basis of a 
single amino acid insertion between the NH-proximal pair of cysteine residues and 
sequence similarity. 

20 

The C-X-C chemokines include several potent chemoattractants and activators of 
neutrophils such as interleukin-8 (CXCL8) and neutrophil-activating peptide 2 (CXCL7). 

: The C-C chemokines include potent chemoattractants of monocytes and lymphocytes but 

• - • : 25 not neutrophils. Examples include human monocyte chemotactic proteins 1-3 (CCL2, 
* : V CCL7 and CCL8), RANTES (CCL5), eotaxin (CCL1 1) and the macrophage inflammatory 

; : \ proteins la and lp (CCL3 and CCL4). 



There is also a third chemokine family based upon the structural motif Cys-X3-Cys 
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(C-X3-C). This C-X3-C family is distinguished from the C-X-C and C-C families on the 
basis of having a triple amino acid insertion between the NH-proximal pair of cysteine 
residues. CX3CLI (also known as fractalkine) is a potent chemoattractant and activator of 
microglia in the central nervous system as well as of monocytes, T cells, NK cells and mast 
5 cells. 

Studies have demonstrated that the actions of the chemokines are mediated by subfamilies 
of G protein-coupled receptors. In particular, the actions of CX3CLI are mediated by the 
CX3CRI receptor. 

10 

WO 01/25242 discloses certain [l,3]thiazolo[4,5-d]pyrimidin-2(3H)-one derivatives that 
are useful as antagonists of receptors linked to the C-X-C and C-C chemokine families, 
particularly as antagonists of the CXCR2 receptor. 

15 The present invention relates to a group of compounds that are structurally similar to, but 
nevertheless generically distinct from, the compounds disclosed in WO 01/25242. The 
compounds of the present invention display surprisingly useful properties as antagonists of 
the CX3CRI receptor. 

20 Disclosure of the invention 

The present invention provides compounds of formula (I) 




to 



25 



3 



wherein: 



R 1 and R 2 independently represent H, CI to 8 alkyl, C2 to 8 alkenyl, C2 to 8 alkynyl or C3 
to 7 saturated or partially unsaturated cycloalkyl; the latter four groups being optionally 
s further substituted by one or more groups selected independently from OH, CI to 6 alkoxy, 
CH 2 OR 4 , NR 5 R 6 > CO2R 7 and CONR 8 R 9 ; 

3 

R represents CI to 6 alkyl, C2 to 6 alkenyl, C2 to 6 alkynyl or C3 to 7 saturated or 
partially unsaturated cycloalkyl; said alkyl, alkenyl or alkynyl chain optionally including a 

10 O, NR 10 or S atom in the chain; said alkyl, alkenyl, alkynyl or cycloalkyl group being 
optionally substituted by phenyl or a 5 or 6 membered heteroaromatic ring containing 1 to 
3 heteroatoms selected independently from O, S and N; said phenyl or heteroaromatic ring 
being optionally further substituted by one or more groups selected independently from 
halogen, CI to 4 alkyl, OH, CI to 4 alkoxy, CN, C02R 11 , NR 12 R 13 , CONR 14 R 15 , 

15 S0 2 R 16 > NR 17 S02R 18 and S0 2 NR 19 R 20 ; 



X represents O or S(0); 

R 4 . R 3 , R 6 , R 7 , R 8 , R 9 , R 10 , R 1 \ R 12 , R 13 , R 14 , R 13 , R 16 , R 17 , R 18 , R 19 and R 20 
20 independently represent H or CI to 6 alkyl; 



and pharmaceutically acceptable salts thereof. 

The compounds of formula (I) may exist in enantiomeric and/or tautomeric forms. It is to 
25 be understood that all enantiomers, diastereomers, racemates, tautomers and mixtures 
thereof are included within the scope of the invention. 

Unless otherwise indicated, the term "CI to 8 alkyl" referred to herein denotes a straight or 
branched chain alkyl group having from 1 to 8 carbon atoms. Examples of such groups 



include methyl, ethyl, n-piopyl, i-propyl, n-butyl, i-butyl, t-butyl, pentyl and hexyl. The 
terms "CI to 6 alkyl" and "CI to 4 alky!" are to be interpreted analogously. 

Unless otherwise indicated, the term "C2 to 8 alkenyl" referred to herein denotes a straight 
or branched chain alkyl group having from 2 to 8 carbon atoms and containing one caibon- 
carbon double bond. The term ,f C2 to 6 alkenyl" is to be interpreted analogously. 
Unless otherwise indicated, the term "C2 to 8 alkynyl" referred to herein denotes a straight 
or branched chain alkyl group having from 2 to 8 carbon atoms and containing one carbon- 
carbon triple bond. The term "C2 to 6 alkenyl" is to be interpreted analogously. 

Unless otherwise indicated, the teim "C3 to 7 saturated or partially unsaturated cycloalkyl" 
referred to herein denotes a 3 to 7 membered non-aromatic carbocyclic ring optionally 
incorporating one or more double bonds. Examples include cyclopropyl, cyclopentyl, 
cyclopentenyl, cyclohexyl and cyclohexenyl. 

Unless otherwise indicated, the term "CI to 6 alkoxy " referred to herein denotes an 
oxygen substituent bonded to a straight or branched chain alkyl group having from 1 to 6 
carbon atoms. Examples of such groups include methoxy, ethoxy, n-propoxy, i-propoxy, 
n-butoxy, i-butoxy and s-butoxy. The term "CI to 4 alkoxy" is to be interpreted 
analogously. 

Unless otherwise indicated, the term "halogen" referred to herein denotes fluorine, 
chlorine, bromine and iodine. 

Examples of a five or six membered heteroaromatic ring containing 1 to 3 heteroatoms 
independently selected from O, S and N include furan, thiophene, pyrrole, oxazole, 
oxadiazole, isoxazole, imidazole, thiazole, triazole, thiadiazole, pyridine, pyrimidine and 
pyrazine. 

3 

In the definition of R , the expression "said alkyl, alkenyl or alkynyl chain optionally 
including a O, NR 10 or S atom in the chain" embraces a straight or branched chain 
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arrangement of 1 to 6 carbon atoms in which, where chemically feasible, the carbon chain 
is interrupted by, or terminates in, an O, S or NR 10 atom. The definition thus includes, for 
example, methylene, ethylene, propylene, hexamethylene, ethylethylene, -CH2CH2O- 
CH 2 -, ^H 2 CH 2 O^H2--CH2-, -CH 2 CH 2 S- and ~CH 2 CH 2 NR 10 -. 

5 

In one embodiment, X represents O. In another embodiment, X represents S(0). 

1 2 

In one embodiment, R and R independently represent H, optionally substituted CI to 8 
alkyl or optionally substituted C3 to 7 cycloalkyl. 

10 

In another embodiment, R 1 represents H or CH3. In another embodiment, R 1 represents H. 

2 

In another embodiment R represents optionally substituted CI to 8 alkyl or optionally 
substituted C3 to 7 cycloalkyl. In another embodiment, R 2 represents CI to 8 alkyl 
15 substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH 2 OR 4 . 

3 

In one embodiment, R represents optionally substituted CI to 6 alkyl that optionally 
includes an O atom in the chain. In another embodiment, R 3 represents CI to 6 alkyl 
optionally including an O atom in the chain and substituted by optionally substituted 
20 phenyl. In another embodiment, R represents CI to 2 alkyl substituted by phenyl; said 
phenyl being optionally substituted by halogen, CI to 6 alkoxy or CN. 

1 2 
In one embodiment, X represents 0,R represents H or CH3; R represents CI to 8 alkyl 

substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH 2 OR 4 ; and R 3 represents 

25 CI to 6 alkyl substituted by optionally substituted phenyl. 

1 2 

In another embodiment, X represents O, R represents H; R represents CI to 8 alkyl 
substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH 2 OR 4 ; and R 3 represents 
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CI to 2 alkyl substituted by phenyl; said phenyl being optionally substituted by halogen, 
CI to 6 alkoxy or CN. 

1 2 
In one embodiment, X represents S(O), R represents H or CH3; R represents CI to 8 

4 3 

5 alkyl substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH2OR ; and R 
represents CI to 6 alkyl substituted by optionally substituted phenyl. 

1 2 

In another embodiment, X represents S(0), R represents H; R represents CI to 8 alkyl 

4 3 

substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH2OR ; and R represents 
10 C 1 to 2 alkyl substituted by phenyl; said phenyl being optionally substituted by halogen, 
CI to 6 alkoxy or CN. 

Particular compounds of formula (I) include: 

5-(benzyloxy>7-{ [(l«)-Hhydroxyjnethyl>3-methylbutyl]amino) [1 ,3]thiazolo[4,5- 
15 cQpyrimidin-2(3Jy)-one; 

7-{[(l/e>l-(hydroxymethyl)-3-methylbutyl]amino}-5-[(3- 

memoxybenzyl)oxy]tl,3]tWazolo[4,5^pyrimidin-2(3fl>one; 

7-{[(li?>l-(hydroxymethyl)-3-methylbutyl]anuno}-5-(2-phenylemoxy)[l,3]tm 

d]pyrimidin-2(3fl)-one; 
20 5-(benzyloxy)-7-{[(lflH-(hydroxymetty^ 
2(3fr>one; 

7-{ [(l/?)-l-(hydroxymethyl)butyU 

<z]pyrimidin-2(3/0-one; 
\'\- AK3-{[(7-{[(lfl)-l-(hydroxymet^^^ 
: 25 ^pyriniimn-5-yl)oxy]methyl}phenyl)-A^methylmethanesulfonamide; 

N-(3-{ [(7-{ [(l/?>l-(hydroxymethyl)-2-melhylpropyl]amino}-2-oxo-23- 
: . : . : dihydro[l 3] tWazolo[4,5-flpyrimidin-5-yl)oxy]methyl }phenyl)methanesulfonamide; 

5-(benzyloxy)-7-{[l-(hydroxymethyl)cyclopen^ 
r : ' 2(3fl)-one; 

30 7-{ [Hhydroxymethyl)cyclopentyl]ammo}-5-[(2-m^ 
: -' rf]pyrimidin-2(3//)-one; 
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7-{[l-(hydroxymethyl)cyclopentyl]amino}-5-[(3-methylbenzyl)oxy][l,3]thiazolo[4,5- 
d]pyrimidin-2(3Ji)-one; 

54(2^hlorobenzyl)oxy]-7-{[l-(hydroxymethyl)cyclopentyl]anrino}[l,3]thiazolo[4 

d]pyrimidin-2(3fl)-one; 
5 5-[(3^hloroben2yl)oxy]-7-{[l-(hydroxymethyl)cyclopentyl]ainino}[l,3]thia2olo[4,5- 

d]pyrimidin-2(3H)-one; 

5-[(4-chlorobenzyl)oxy]-7-{[l-(hy<koxymethyl)cyclopentyl]ainino}tl t 3]thiazolo[4 
J]pyrimidin-2(3/0-one; 

7-{[l-(hydroxymethyl)cyclopentyl]amino}-5-[(2-methoxybenzyl)oxy][l^]tbiazolo[4^- 

10 d]pyrimidin-2(3H)-one; 

7- { [l-(hydroxymethyl)cyclopentyl]amino }-5-[(3-methoxybenzyl)oxy] [1 ,3]thiazolo[4,5- 

fqpyrimidin-2(3f/)-one; 

4- {[(7-{[lKhydroxymethyl)cyclopentyl]amino}-2^xo-23-ciihydro[l,3]thiazolo[4,5- 

cflpyrimidin-5-yl)oxy}methyl}beiizonitrile; 
is (/?,5)-7-[[l-(hydroxymethyl)cyclopentyl]anMno]-5-(l-phenylethoxy)-thiazolo[4,5- 

d]pyrimidin-2(3f0-one; 

7-{[l-(hydroxymethyl)cyclopentyl]am^^ 

d]pyrimidin-2(3i?)-one; 

5- {[2-(3-chlorophenyl)ethyl]-(/?&5s)-sulfinyl}-7-{[(l/?)-l-(hydroxymethyl)-3- 
20 methylbutyl]amino}[13]thiazolo[4,5^pyrimidin-2(3fl)-one; 

5-{[2-(2-bromophenyl)ethylMK&Ss)-s^^ 

methylbutyl]amino } [1 ,3]thiazolo[4,5-d3pyrimidin-2(3fl>one; 

5-[(2,3^fluorobenzy!)-(/? s ,5s>sulfinyl]-7-{[(li?)-lKhydroxymethyl)-3- 

methylbutyl]amino}[13]thiazolo[4,5-^pyrimidin-2(3fl)-one; 
: '/' 2S 5-[benzyl-(2?s.5s>sulfinyl]-7-{[(liJ)-l-(hydroxymethyl)-3- 

: methylbutyl]amino}[13]thiazolo[4,5^pyrimidin-2(3fl)-one; 
: : : : 5-[(2-chlorobenzyl)-(/Js,Ss)-suIfinyl]-7-{ [(li?)-l-(hydroxymethyl)-3- 

: - - : ; methylbutyl]amino} [1 ,3Ithiazolo[4,5-d]pyrimidin-2(3H)-one; 

'■}'' 5-[(4-chlorobenzyl)-(J?s.5s)-sulfinyl]-7-{ [(l/?>-l-(hydroxymethyl)-3- 

30 methylbutyl]amino}(l,3]thiazolo[4i-dlpyriTnidin-2(3H)-one; 

5-[benzyl-(R & 5 s )-sulfinyl)-7-{[(l/?)-l-(hydroxymethyl)-2- 

methylpropyl]amino} [i;3]thiazolo[4,5-flpyrimidin-2(3H>one; 
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and pharmaceutical^ acceptable salts thereof 

According to the invention, we further provide a process for the preparation of a compound 
of formula (I), or a pharmaceutical^ acceptable salt, enantiomer or racemate thereof which 
5 comprises: 

(a) when X in formula (I) represents O, reaction of a compound of formula (II) 



°=< S X1 



H 

(») 

ined in f 

10 with a compound of formula (HI) 



S(0) 2 R 3 



12 3 

wherein R ,R andR are as defined in formula (I); 



R- OH 

(111) 

3 3 
wherein R is as defined in formula (I) and is independent of the R group in formula (II); 

or 

is (b) when X in formula (I) represents S(0), oxidation of a compound of formula (IV) 



« • 



0=<TX R 3 



(IV) 
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wherein R 1 , R 2 and R 3 are as defined in formula A); with one equivalent of an oxidising 
agent; 

and where necessary converting the resultant compound of formula (D, or another salt thereof, 
into a pharmaceutically acceptable salt thereof; or converting the resultant compound of 
5 formula (I) into a further compound of formula (I); and where desired converting the resultant 
compound of formula (I) into an optical isomer thereof. 

In process (a), the reactants (H) and (m) are coupled together in a suitableinert organic 
solvent such as tetrahydrofuran, benzene, toluene or N-methylpyrroUdine. The reaction is 
io performed in the presence of an added base such as sodium hydride, butyl lithium or 
lithium diisopropylamide. The reaction is conducted at a suitable temperature, normally 
between room temperature and the boiling point of the solvent. The reaction is generally 
continued for a period of about one hour to one week, or until analysis indicates that 
formation of the required product is complete. 

15 

In process (b), the compound is oxidised using one equivalent of a suitable oxidising agent 
such as those known in the art for the oxidation of sulphides into sulphoxides. A preferred 
oxidant is oxone. The reaction is generally conducted at ambient temperature and in a 
suitable solvent such as methanol or aqueous acetonitrile. 

20 

Compounds of formula (I) and intermediate compounds thereto may be prepared as such or 
in protected form Protecting groups that are suitable for particular functional groups and 
details of processes for adding and removing such protecting groups are, in general, well 
known in the art. See, for example, "Protective Groups in Organic Synthesis", 3rd Edition 

» » • 

: 25 (1999) by Greene and Wuts. 

♦ p - 

' * ; : ' The present invention includes compounds of formula (I) in the form of salts. Suitable salts 

.'[-. include those formed with organic or inorganic acids or organic or inorganic bases. Such 

salts will normally be pharmaceutically acceptable although salts of non-pharmaceutically 
~~ \ 30 acceptable acids or bases may be of utility in the preparation and purification of the 

compound in question. Thus, preferred acid addition salts include those formed from 
; * • : : hydrochloric, hydrobromic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, acetic, 
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succinic, fumaric, maleic, methanesulphonic and benzenesulphonic acids. Preferred base 
addition salts include those in which the cation is sodium, potassium, calcium, aluminium, 
lithium, magnesium, zinc, choline, ethanolamine or diethylamine. 

5 Salts of compounds of formula (I) may be formed by reacting the free base, or a salt, 

enantiomer or racemate thereof, with one or more equivalents of the appropriate acid. The 
reaction may be carried out in a solvent or medium in which the salt is insoluble or in a 
solvent in which the salt is soluble, for example, water, dioxan, ethanol, tetrahydrofuran or 
diethyl ether, or a mixture of solvents, which may be removed in vacuo or by freeze drying. 

io The reaction may also be a metathetical process or it may be carried out on an ion exchange 
resin. 

Sulphone derivatives of formula (H) may be prepared by oxidation of the corresponding 
sulphides of formula (IV) using two or more equivalents of an oxidising agent such as 
is oxone. 

In general, compounds of formula (IV) may be prepared using known methods that will be 
readily apparent to the man skilled in the art. Some such methods are illustrated in 
Schemes 1 to 3: 



11 



Scheme 1 




Scheme 2 



N N^SH 0-5 °C N-^ N ^ S _ S ^ N ^N 



KOH, MeOH 
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Scheme 3 



C| R'fVNH, r ^m- f ^ NaNO z . R 5 ^ *R* 

s l-P^NEt V HO T 

H ^ N 3Ct s ^ 3 NMP ^iXX^ Me ^° °VW 



/ 



NaN0 2 , HCI 
DMSO/H z O 
80 °C 



KOH, 
MeOH 



(IV) 



Intermediate compounds may be used as such or in protected form. Protecting groups and 
details of processes for their removal may be found by reference to the standard text 
"Protective Groups in Organic Synthesis", 3rd Edition (1999) by Greene and Wuts. 

5 

The compounds of the invention and intermediates thereto may be isolated from their reaction 
mixtures and, if necessary further purified, by using standard techniques. 

The compounds of formula (I) may exist in enantiomeric forms. Therefore, all enantiomers, 
: V io diastereomers, racemates and mixtures thereof are included within the scope of the invention. 
: The various optica] isomers may be isolated by separation of a racemic mixture of the 

compounds using conventional techniques, for example, fractional crystallisation, or HPLC. 

• • a 

Alternatively, the various optical isomers may be prepared directly using optically active 
starting materials. 

• • • 

"* " : 15 

r » • 

] ; " " Intermediate compounds may also exist in enantiomeric forms and may be used as purified 

\.I enantiomers, diastereomers, racemates or mixtures. 
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The compounds of formula (I), and their pharmaceutical acceptable salts are useful because 
they possess pharmacological activity as antagonists of the CX3CRI receptor. In particular, 
when compared to similar sulphide derivatives disclosed in WO 01/25242, the ether 
[formula (I); X = O] and sulphoxide [formula (I); X = S(O)] derivatives of the present 
invention possess significantly improved solubility profiles. 

In one aspect the present invention provides a compound of formula (I) or a 
pharmaceutically acceptable salt thereof, for use as a medicament. 

In another aspect the present invention provides the use of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which antagonism of the CX3CRI 
receptor is beneficial. 

In another aspect the present invention provides the use of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of neurodegenerative disorders, demyelinating disease, 
atherosclerosis or pain. 

According to the invention, there is also provided a method of treating, or reducing the risk 
of, diseases or conditions in which antagonism of the CX3CRI receptor is beneficial which 
comprises administering to a person suffering from or at risk of, said disease or condition, 
a therapeutically effective amount of a compound of formula (I) or a pharmaceutically 
acceptable salt thereof. 

There is also provided a method of treating, or reducing the risk of, neurodegenerative 
disorders, demyelinating disease, atherosclerosis or pain in a person suffering from or at 
risk of, said disease or condition, wherein the method comprises administering to the 
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person a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof. 

In another aspect the invention provides a pharmaceutical formulation comprising a 
therapeutically effective amount of a compound of formula (I), or a pharmaceutically 
acceptable salt thereof, in admixture with a pharmaceutically acceptable adjuvant, diluent 
or carrier, for use in the treatment or prophylaxis of diseases or conditions in which 
antagonism of the CX3CRI receptor is beneficial. 

In another aspect the invention provides a pharmaceutical formulation comprising a 
therapeutically effective amount of a compound of formula (I), or a pharmaceutically 
acceptable salt thereof, in admixture with a pharmaceutically acceptable adjuvant, diluent 
or carrier, for use in the treatment or prophylaxis of neurodegenerative disorders, 
demyelinating disease, atherosclerosis or pain. 

The compounds of formula (I) and their pharmaceutically acceptable salts are indicated for 
use in the treatment or prophylaxis of diseases or conditions in which modulation of activity 
at the CX3CRI receptor is desirable, ha particular, the compounds are indicated for use in the 
treatment of neurodegenerative disorders or demyelinating disease in m a mm a l s including 
man. The compounds are also indicated to be useful in the treatment of pain, rheumatoid 
arthritis, osteoarthritis, stroke, atherosclerosis and pulmonary arterial hypertension. 

Conditions that may be specifically mentioned are: neurodegenerative diseases and dementia 
disorders, for example, Alzheimer's disease, amyotrophic lateral sclerosis and other motor 
neuron diseases, Creutzfeldt-Jacob's disease and other prion diseases, HTV encephalopathy, 
Huntington's disease, frontotemporal dementia, Lewy body dementia and vascular dementia; 
polyneuropathies, for example, Guillain-Barre syndrome, chronic inflammatory 
demyelinating polyradiculoneuropathy, multifocal motor neuropathy and plexopathies; CNS 
demyeUnation, for example, acute disseminated/haemorrhagic encephalomyelitis and 
subacute sclerosing panencephalitis; neuromuscular disorders, for example, myasthenia gravis 
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and Lambert-Eaton syndrome; spinal disorders, for example, tropical spastic paraparesis and 
stiff-man syndrome; paraneoplastic syndromes, for example, cerebellar degeneration and 
encephalomyelitis; CNS trauma; and migraine. 

Prophylaxis is expected to be particularly relevant to the treatment of persons who have 
suffered a previous episode of, or are otherwise considered to be at increased risk of, the 
disease or condition in question. Persons at risk of developing a particular disease or 
condition generally include those having a family history of the disease or condition, or 
those who have been identified by genetic testing or screening to be particularly 
susceptible to developing the disease or condition. 

The compounds of the invention are also indicated for use in the treatment of inflammatory 
bowel disease (IBD), for example, Crohn's disease and ulcerative colitis, by inducing 
remission and/or maintaining remission of IBD. 

For the above mentioned therapeutic indications, the dosage administered will, of course, vary 
with the compound employed, the mode of administration and the treatment desired. 
However, in general, satisfactory results are obtained when the compounds are administered 
at a dosage of the solid form of between 1 mg and 2000 mg per day. 

The compounds of formula 0) and pharmaceutical^ acceptable derivatives thereof, may be 
used on their own, or in the form of appropriate pharmaceutical compositions in which the 
compound or derivative is in admixture with a pharmaceutical^ acceptable adjuvant, diluent 
or carrier. Administration may be by, but is not limited to, enteral (including oral, 
sublingual or rectal), intranasal, intravenous, topical or other parenteral routes. 
Conventional procedures for the selection and preparation of suitable pharmaceutical 
formulations are described in, for example, "Pharmaceuticals - The Science of Dosage 
Form Designs", M. R Aulton, Churchill Livingstone, 1988. The pharmaceutical 
composition preferably comprises less than 80% and more preferably less than 50% of a 
compound of formula (I), or a pharmaceutically acceptable salt thereof. 
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There is also provided a process for the preparation of such a pharmaceutical composition that 
comprises mixing the ingredients. 

The invention is illustrated, but in no way limited, by the following examples: 
General Procedures 

Nuclear magnetic resonance (NMR) spectra were recorded on a Varian Gemini 7 Tesla 
300 MHz instrument, or a Bruker Avance 400 MHz instrument using the solvent indicated. 
Chemical shifts are given in ppm down- and upfield from tetramethylsilane (TMS). 
Resonance multiplicities are denoted s, d, t, m, br and app for singlet, doublet, triplet, 
multiplet, broad and apparent, respectively. Mass spectra (MS) were recorded on a 
Finnigan SSQ7000 TSP or a Finnigan SSQ710 DI/EI instrument, or on a single quadropole 
mass spectrometer, ZMD (Waters), using an electrospray ion source operated in a positive 
mode. The ion spray voltage was +3 kV and the mass spectrometer was scanned from m/z 
100 - 900 with a scan time of 0.85s. LC-MS was performed with a Waters 2790 LC- 
system equipped with a Waters Xterra™ MS C 8 (2.5 Jim x 30 mm) column, a Waters 996 
photodiode array detector and a Micromass ZMD. High pressure liquid chromatography 
(HPLC) assays were performed using a Hewlett Packard 1 100 Series HPLC system 
equipped with a Zorbax SB-C 8 (4.6 mm x 15 cm) column. Preparative high pressure liquid 
chromatography (prep HPLC) separations were performed on an automated Gilson (model 
170) using an Xterra Cig (19 mm x 30 cm) column, and using a gradient of A (water 95%, 
containing NKUOAc (0.01 M), and 5% CH 3 CN) and B (CH 3 CN) as eluent. Column 
chromatography was performed using silica gel 60 (230-400 mesh ASTM, Merck) and thin 
layer chromatography (TLC) was performed on TLC precoated plates, silica gel 60 F254 
(Merck). 



Example 1 5-fBenzvloxvV7-irfli?Vl-(hvdroxvmethvlV3- 

methvlbutvl1aminoK1.31thiazolor4.5^Dvrimidin-2f3fn-one 

1 
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(al (2JgV2-a2-Chloro-S-r(23^fluorobenzvnthioiri.31thiazolor4.5 -rflPvrimidin-7- 

vl >amino)-4-methvlpentan-l-ol 

(2R)-2-({2-Aimno-5-[(2,3-dinuorobenzyl)tW^^ 

4-methylpentan-l-ol (WO 00/09511) (20.0 g, 47 mmol) was dissolved in cone. HC1 (750 
5 mL). CH 3 CN (600 mL) and water (350 mL) were added and the mixture was cooled to 

0 °C. A solution of NaN0 2 (3.24 g, 94 mmol) in water (20 mL) was then added 
portionwise, and the mixture was stirred at 0 °C for 1.5 h. The yellow solid which had 
formed was collected by filtration, washed with water and dried to give 16.3 g (88%) of the 
title compound as a pale yellow solid. 

10 l H NMR (DMSO-d*) 8 8.15 (d, 1H), 7.42-7.28 (m, 2H), 7.20-7.10 (m, 1H), 4.50 (b s, 1H), 
4.46 (appt, 2H), 4.38-4.25 (m, 1H), 3.42 (app q, 2H), 1.67-1.54 (m, 1H), 1.53-1.42 (m, 
1H), 1.41-1.32 (m, H), 0.88 (d, 3H), 0.83 (d, 3H); 
MS (ESI*) m/z 445 [M+H] + . 

is ffr> (2RV2-f 1 5-rf2.3-Difluorobenzvnthiol-2-methoxvr i .31thiazolor4.5-dlPvrimidin-7- 
yl 1 aminoV4-meth vlpentan- 1 -ol 

The product from step (a) (10.75 g, 24.4 mmol) was dissolved in MeOH and solid 
potassium hydroxide (2.74 g, 48.8 mmol) was added. The mixture was heated to 55 °C for 

1 h, cooled to RT and then neutralized with 2N HC1. MeOH was removed by evaporation 
20 in vacuo, water was added to the residue and the crude product was collected by filtration. 

Recrystallization from CH 3 CN gave title compound (9.25 g; 88%) as a pale orange solid. 

NMR (DMSO-de) 8 7.60 (d, 1H), 7.40-7.28 (m, 2H), 7.20-7.10 (m, 1H), 4.74 (t, 1H), 
4.44 (app q, 2H), 4.29 (b s, 1H), 4.16 (s, 3H), 3.9-3.35 (m, 2H, partially under the water 
peak), 1.65-1.52 (m, 1H), 1.50-1.32 (m, 2H), 0.87 (d, 3H), 0.82 (d, 3H); 
•" / 2s MS (ESD m/z 441 [M+H] + . 

(c) 5-r(23-Difluorobenzvnthio1-7-l ra/?Vl-(hvdrox vmethvlV3- 
memvlbutvnaminoiri.31miazolor4.5-^pvrimidi n-2f3g>-one 
. - . : The product from step (b) (8.83 g, 20.0 mmol) was suspended in dioxane (300 mL). Cone. 

30 HC1 (1.5 mL) and water (1 mL) were added and the mixture was heated to 50 °C for 15 h. 

■ • « 

• " - * : Solvents were removed in vacuo and the residue was suspended in CH3CN (300 mL). The 
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off white solid was filtered off, washed with CH 3 CN and dried to afford 7.92 g (90%) of 
the title compound. 

'H NMR (DMSO-d,}) 8 12.43 (br s, 1H), 7.45-7.27 (m, 3H), 7.20-7.08 (m, 1H), 4.46 (b s, 
2H), 4.39 (1H, under the water peak), 4.26 (br s, 1H), 3.42-3.28 (m, 2H), 1.62-1.50 (m, 
s 1H), 1.48-1.39 (m, H), 1.38-1.28 (m, 1H), 0.86 (d, 3H), 0.81 (d, 3H); 
MS (ESI*) m/z 427 [M+H] + . 

fttt 5-rf2.3-Difluorobenzvnsulfonvll-7-{ f( 1JTM -(h YdroxvmethvlV3- 
m«>thYlhi^l]amin otri.31miazolor4.5-JlD Yrimidin-2f3fn-one 

10 The product from step (c) (2.0 g, 4.68 mmol) was dissolved in CH 3 CN (240 mL) and water 
(160 mL). Potassium peroxymonosulfate (Oxone, 6.32 g, 10.30 mmol) was added and the 
resulting inhomogeneous mixture was stirred at RT for 24 h. Sodium thiosulphate solution 
was added and the CH 3 CN was evaporated in vacuo. The residue was poured onto ice and 
the precipitate was collected by filtration, washed with water and dried in vacuo at 40 °C 

is overnight resulting in 1 .76 g (82%) of the title compound as an off-white solid. 

! H NMR (DMSO-dg) 8 13.10 (br s, 1H), 7.52-7.40 (m, 2H) 7.28-7.18 (m, 2H), 5.0-4.85 
(app t, 2H), 4.77 (br s, 1H), 4,29 (br s, 1H), 3.34 (br s, 2H), 1.65-1.51 (m, 1H), 1.50-1.31 
(m, 2H), 0.88 (d, 3H), 0.85 (d, 3H); 
MS (ESr) m/z 459 [M+H] + . 

20 

<e\ 5-(BenzvloxvV7-f f(l/cVl-(hvdroxvmethvn-3 -methvlbutvl1aminoiri .31thiazolor4,5- 
gnpvrimidin-2(3tf>-one 

Sohd sodium hydride (17 mg, 0.7 mmol) was added to a stirred solution of benzyl alcohol 
(76 mg, 0.7 mmol) in dry benzene (5 mL) at 0 °C. The solution was allowed to reach RT 

25 over 1 5 min. The product from step (d) (46 mg, 0. 1 mmol) was added as a solid, and the 
mixture was heated to reflux for 1 h. After cooling to RT, the reaction was quenched by the 
addition of of saturated aqueous NH4CI (1 mL). The mixture was partitioned between THF 
(10 mL) and water (10 mL). The organic phase was separated, dried over Na 2 S0 4 and 
evaporated in vacuo. The oily residue was purified by preparative HPLC, to give the title 

30 compound as a crystalline solid (6.0 mg, 16% yield). 
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'H NMR (DMSO-de) 8 12.05 (br s, 1H), 7.52-7.24 (m, 5H), 5.95 (d, 1H), 5.02 (s, 2H), 
4.77-4.29 (m, 2H), 3.38-3.30 (m, 2H), 1.63 (m, 1H), 1.50-1.32 (m, 2H), 0.89 (d, 3H), 0.83 
(d,3H); 

MS (ESr) m/z 375 [M+H] + . 

s 

The compounds of Examples 2 and 3 were prepared using the general method of Example 
1, step (e), but replacing benzyl alcohol with the appropriate alcohol. 

Example 2 7-ir(l^Vl-fflvdroxvmemvlV3-memvl hutvllaminol-5-r(3- 
io memoxvbenzvnoxviri.31tmazolor4.5-/flPvrimi din-2(3jm-one 
Off-white solid (4.8 mg, 12% yield). 

'H NMR (DMSO-de) 8 12.75 (br s, 1H), 7.44-7.24 (m, 2H), 6.91 (s, 1H), 6.84 (d, 1H), 5.90 
(d, 1H), 5.22 (s, 2H), 4.70-4.31 (m, 2H), 3.48 (s, 3H), 3.40-3.30 (m, 2H), 1.62 (m, 1H), 
1.50-1.31 (2H), 0.88 (d, 3H), 0.83 (d, 3H); 
is MS(ESr)m/z405[M+H] + . 

Example 3 7-1 [Q j?Vl-(Hvdroxvmethv n-3-methvlbutvnamino 1-5-C2- 

phenvlemoxvV1.31miazolor4^-^Pvrirnidin-2(3iy)-one 
Off-white solid (8. 1 mg, 21% yield). 
20 *H NMR (DMSO-de) 8 12.87 (br s, 1H), 7.44-7. 16 (m, 5H), 5.90 (d, 1H), 4.81 (t, 2H), 
4.58-4.30 (m, 2H), 3.42-3.32 (m, 2H), 3.29 (t, 2H), 1.63 (m, 1H), 1.52-1.31 (m, 2H), 0.88 
(d, 3H), 0.80 (d, 3H); 
MS (ESI*) m/z 389 [M+HJ + . 

• • • 

1 25 Example 4 5-fBenzvloxvV 7-( K 1 Jft-1- 

. \^ flivdroxvmemvlMmtvl1aimnom.31tM^ 

• - • 

• v v 

(a) (2RV2-(r2-Armno-5-foenzvlmioM131thi^ 

• ^ * 

.'. : ol 

30 5-(Benzyltmo)-7-cMoro[l,3]tmazolot4,5-flpyrirmmn-2-aniine (WO 00/09511) (2.03 g, 
6.57 mmol) was dissolved in l-methyl-2-pyrroUdinone (NMP) (12 mL). N-Ethyl-NJH- 
: : diisopropylamine (DIPEA) (2.25 mL, 13.1 mmol) and 2-amino-(2#> 1 -pentanol (1.19 g, 
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1 1.5 mmol) were added and the mixture was heated to 1 10 °C for 4 days. After cooling to 
RT, the mixture was poured into water (200 mL). The yellow solid was collected by 
filtration, washed with water and used for the next step without further purification (yield 
80%). 

5 MS (ESI*) m/z 376 [M+H] + . 

(fr> r2J?)-2-frS^enzvlthioV2^hlorori.31thiazolor4.5^Dvri niidin-7-vl1amino\pentan-l- 
ol 

The product from step (a) (2.46 g, 6.57 mmol) was dissolved in CH3CN (70 mL). Sodium 
10 nitrite (1.36 g, 19.71 mmol) and cone. HC1 (25 mL) were added at 0 °C and the reaction 
mixture was stirred at 0 °C for 3 h. The reaction mixture was diluted with water and 
extracted with EtOAc (3 x 60 mL), and the combined organic phases were dried, filtered 
and concentrated to give 2.59 g (quantitative yield) of the title compound as a yellow solid. 
MS (EST) m/z 395 [M+H] + . 

15 

(c) (2/ft-24r5-reenzvltmo)-2-me^^ 

The product from step (b) (2.59 g, 6.57 mmol) was dissolved in MeOH (80 mL). KOH 
(737 mg, 13.14 mmol) was added and the reaction mixture was stirred for 1.5 h at 50 °C. 
20 After cooling to RT, the MeOH was removed under reduced pressure, the residue was 

diluted with brine and extracted with EtOAc (3 x 50 mL), and the combined organic phases 
were dried, filtered and concentrated to give 2.56 g (quantitative yield) of title compound 
as a yellow solid. 
MS (EST) m/z 391 [M+H] + . 

25 

(dl 5-fBenzvlthioV7-f rn^-l^vdroxvmemvnbutvl1aminoU1.31thiazolor4.5- 
rflpvrimidin-2(3fl)-one 

The product from step (c) (2.56 g, 6.57 mmol) was dissolved in dioxane (50 mL). Cone. 
HC1 (544 uL, 6.57 mmol) was added and the reaction mixture was stirred for 4 h at 50 °C. 
30 After cooling to RT, about half of die dioxane was removed under reduced pressure. The 
residue was diluted with brine, extracted with EtOAc (3 x 50 mL), and the combined 
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organic phases were dried and concentrated to give 2.2 g (89%) of the title compound as a 
brown solid. It was used in the subsequent step without further purification. 
MS (ESD m/z 377 [M+H] + . 

(e\ 5-(BenzvlsulfonvlV7-fraJ?Vl-flivd^oxvmethvD butvnaminoU1.31thiazolor4.5- 
^pvrimidin-2(3if)-one 

The product from step (d) (1360 mg, 3.61 mmol) was dissolved in CH3CN (85 mL) and 
water (56 mL). Potassium peroxymonosulfate (Oxone, 4 g, 6.51 mmol) was added and the 
resulting inhomogeneous mixture was stirred at RT for 24 h. The reaction mixture was 
concentrated to about one fifth of the original volume and extracted with EtOAc (3 x 40 
mL). The combined organic phases were dried, filtered and concentrated to give 1.46 g 
(99%) of the title compound as a pale yellow powder. 
MS (ESf) m/z 409 [M+H] + . 

(flS-ffienzvloxvW-iraflVl^vdroxvmem^^^ 
2f3£n-one 

NaH (17 mg, 0.71 mmol) was added to a slurry of the product from step (e) (29 mg, 0.071 
mmol) and benzyl alcohol (77 mg, 0.71 mmol) ) in dry benzene (0.5 mL) at RT. The 
reaction mixture was stirred for a few minutes at RT, and then heated to 40 °C for 50 min. 
After cooling to RT, the reaction mixture was quenched with water (0.1 mL) and 
concentrated. The residue was dissolved in DMSO (1 mL) and then purified by preparative 
HPLC to give 13.5 mg (52.7%) of the title compound as an off-white solid. 
'HNMR (DMSO-de) 6 12.25 (s, 1H), 7.44-7.29 (m, 5H), 5.29 (d, 1H), 5.25 (d, 1H), 4.65 
(t, 1H), 4.13 (br s, 1H), 3.46-3.40 (m, 1H), 1.61-1.51 (m, 1H), 1.46-1.14 (m, 3H), 0.84 (t, 
3H); 

MS (ESr) m/z 361 [M+H] + . 

Example 5 7-( \( lf?Vl-(Hvdroxvmethvnburvnaminol-5-l K 1SM- 

phenvlethvlloxv I ri.31thiazolor4.5- JIpvrimidin-2(3.Efl-one 

The product from Example 4, step (e) (62 mg, 0.15 mmol) and (5)-l-phenylethanol (185 
mg, 1.51 mmol) were dissolved in dry THF (2 mL) at RT, and n-BuLi (1.6M in hexanes, 
0.85 mL, 1 .36 mmol) was added. After stirring for 15 min at RT, the reaction mixture was 



22 



heated to 50 °C for 24 h, cooled to RT and concentrated. The residue obtained was 
dissolved in DMSO (1 mL) and then purified by preparative HPLC to give 1 1.4 mg (20%) 
of the title compound as a slightly yellowish oil. 

*H NMR (CDC! 3 ) 8 7.41-7.23 (m, 5H), 5.90 (q, 1H), 4.60 (br d, 1H), 4.21-12 (m, 1H), 3.48 
5 (dd, 1H), 3.42 (dd, 1H), 2.09 (s, 3H), 1.65-1.37 (m, 4), 0.97 (t, 3H); 
MS (ESO m/z 375 [M+H] + . 

Example 6 JV-(3-( IT7-I U 1 JgVl-fHvdroxvmethvnbutvnaminol-2-oxo-23- 

dihvdror 1 ,31thiazolor4.5-rflpvrimidin-5- vltoxvlmethvl iphen vlViV- 
10 methvlmethanesulfonamide 

(a) Methyl 3-fmethvl(methvlsulfonvnamino1benzoate 

Solid NaOMe (260 mg, 4.79 mmol) was added to a solution of methyl 3- 

[(methylsulfonyl)aminojbenzoate (Laurence, C; Berthelot, M.; Lucon, M.; Tsuno, Y. 

is Spectrochim. Acta Part A 1982, 35, 791-796) (500 mg, 2.18 mmol) and Mel (0.4 mL, 6.42 
mmol) in a mixture of THF (15 mL) and MeOH (15 mL). After 1 h at RT, the reaction 
mixture was heated to 50 °C for 1.5 h. The reaction mixture was cooled to RT, diluted with 
brine (30 mL) and extracted with EtOAc (2 x 30 mL). The combined organic phases were 
dried over MgS04, filtered, and concentrated, and the residue was purified by preparative 

20 HPLC to give 436 mg (82.2%) of the title compound as a white solid. 

*H NMR (CDC1 3 ) S 8.00-7.91 (m, 2H), 7.60 (d, 1H), 7.44 (t, 1H), 3.89 (s, 3H), 3.33 (s, 
3H), 2.83 (s, 3H); 
MS (ESI*) rn/z 244 [M+H] + . 

25 (b) iV43-ftIvdroxvmeth vl^^ 

Lithium borohydride (195 mg, 8.96 mmol) was added to a solution of the product from 
step (a) (436 mg, 1.79 mmol) in THF (25 mL). The reaction mixture was stirred for 2 h at 
RT, and then 20 h at 50 °C. After cooling to RT, the mixture was diluted with brine (30 
mL) and extracted with EtOAc (2 x 40 mL), dried over MgS0 4 , and concentrated. The 

30 residue was purified by flash chromatography (0-5% MeOH in CHCI3) to give 360 mg 
(93%) of the title compound as colourless oil. 
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l H NMR (CDC1 3 ) 8 7.31-7.27 (m, 2H), 7.21-7.16 (m, 2H), 4.57 (s, 2H), 3.22 (s, 3H), 2.75 
(s,3H); 

MS (ESF) m/z 216 [M+H1 + . 

s (c> W-f3-l T(7-( r(l/eVl-(HvdroxvmethY l^nH am ' ^o^-2-oxo-2.3 ^hvdrori.31thiazolor4.5-- 
rf1pvrimidin-5-vnoxv1methvl>DhenvlV^methvlmethanesn lfnTiflniide 
n-BuLi (0.175 mL, 0.28 mmol, 1.6M in hexanes) was added to a stirred solution of N-[3- 
(hydroxymethyl)phenyl]-Ar-methyl-methanesulfonamide (from step (b), 60 mg, 0.28 mmol) 
and the product from Example 4, step (e) (36.5 mg, 0.089 mmol) in dry THF (1 mL). The 

10 resulting mixture was stirred at 50 °C for 18 h. After cooling to RT, the reaction mixture 
was concentrated, and the residue dissolved in DMSO (0.5 mL) and then purified by 
preparative HPLC to give 4 mg (9.6%) of the title compound as a white solid. 
MS (ESF) m/z 468 [M+H] + . 

is Example 7 JV-(3-( K7-( r(ljgVl-fHvdroxvmethvlV2- methvlnropvllaminol-2- 

oxo-2.3-dihvdTori.31tmazolor4.5-^pvrimidin-S-v noxv1methvnphenvlV 
methanesulfonamide 

(a) (2/c)-2-ir5-(Benzvlthioy2-chlorori.31t^ 
20 methylbutan-l-ol 

A suspension of (2J?)-2-{ [2-armno-5-(beiizylttao)^ 

yl]amino}-3-methylbutan-l-ol (WO 02/76990) (4.00 g, 10.7 mmol) in cone. HC1 (150 mL) 
and CH 3 CN (1 10 mL) was cooled to 0 °C. Sodium nitrite (1.47 g, 21.3 mmol) was added 
and the solution was stirred at 0 °C for 1 h. Water (640 mL) was added and the resulting 
25 mixture was stirred for 1 5 min followed by filtration of the precipitate. Hie solid was 
washed with water and dried in vacuo over P 2 0 5 at RT for 48 h resulting in 3.54 g (84%) 
of the tide compound as a pink solid. 

l H NMR (DMSO-de) o 8.10 (d, 1H), 7.44-7.39 (m, 2H), 7.32-7.26 (m, 2H), 7.25-7.19 (m, 
1H), 4.81-4.49 (br s, 1H), 4.39 (d, 1H), 4.34 (d, 1H), 4.14-4.05 (m, 1H), 3.57-3.45 (m, 2H), 
30 1.98-1.87 (m. 1H), 0.92-0.80 (m, 6H); 
MS (ESF) m/z 395 [M+H] + . 
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foU2Jfl-2-ff5-(Beiizvlthio)-2-memoxvrL^ 
methvlbutan-l-ol 

Using the product of step (a) as starting material, the title compound was obtained as a 
beige solid (67%) by following the general method described in Example 1, step (b). 
5 ! H NMR (DMSO-ds) 5 7.61-7.54 (m, 1H), 7.45-7.36 (m, 2H), 7.35-7.19 (m, 3H), 4.66- 
4.58 (m, 1H), 4.41-4.30 (m, 2H), 4.19-4.02 (m, 4H), 3.58-3.43 (m, 2H), 1.97-1.86 (m. 1H), 
0.92-0.80 (m, 6H); 
MS (ESr> m/z 39 1 [M+H] + . 

10 fc>5-menzvlmioV7-irflJ?Vl-flivdroxvmemvlV2-me thv1propvllaminoU1.31thiazolof4,5- 
rflpvrimidin-2(3H>-one 

Using the product of step (b) as starting material, the title compound was obtained as a 
light orange solid (68%) by following the general method described in Example 1, step (c). 
*H NMR (DMSO-d*) 8 12.36 (br s, 1H), 7.43-7.38 (m, 2H), 7.32-7.19 (m, 4H), 4.57 (app t, 
is 1H), 4.33 (d, 1H), 4.28 (d, 1H), 4.08-3.97 (m, 1H), 3.54-3.41 (m, 2H), 1.93-1.83 (m. 1H), 
0.87-0.79 (m, 6H); 
MS (ESD Wz 377 [M+H] + . 

(di 5-fBenzvlsulfohvn-7-< ra/?Vl-(hvdroxvmethvl)-2- 
20 methylpropvllaminol f 1 31thiazolor4.5-^1pvrimidin-2(3g>-one 

Using the product of step (c) as starting material, the title compound was obtained as a pale 
yellow powder (99%) by following the general method described in Example 1, step (d). 
MS (ESF) m/z 409 [M+H] + . 

: / as fel N-(3-i f(7-( U 1 JgVl-rHvd roxvmethvlV2-memvlmopvnamino)-2-oxo-2,3,- 
;. dihvdrori .31thiazolor4.5-Jlpvrimidin-5-vnoxv1methvl Iphenvl^m ethanesulfonamide 

Solid sodium hydride (18 mg, 0.75 mmol) was added to a stirred solution of the product of 

* m • 

step (d) (28.5 mg, 0.069 mmol) and A^[3-(hydroxymethyl)phenyl3-methanesulfonamide 
(WO 01/90070) (35 mg, 0.17 mmol) in a mixture of toluene (0.2 mL) and l-methyl-2- 

* » » 

» r 

: * - . 30 pyrrolidinone (0.2 mL) at RT. The reaction mixture was stirred for 16 h at 50 °C. After 
r - cooling to RT, the reaction mixture was quenched with water (0.1 mL) and concentrated 
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The residue was dissolved in DMSO (1 mL), and purified by preparative HPLC to give 4.5 
mg (14.3%) of the title compound as an off-white solid. 
MS (ESI*) m/z 454 [M+H] + . 

Example 8 5-fBenzvloxvV7-f ri-(hvd mxvmethvncyclopentvnamino 1- 

f 1 .31thiazolor4.5-gnpvrimidin-2(3fn-one 

a) q-f r2-Amino-5-n?enzvlwioK131tMazolor4, 5-rflpvrimidin-7- 
ynamino )c vclopentvDmethanol 

The title compound was prepared using the general method of Example 4, step (a), but 
replacing 2-amino-(2R)-l-pentanol with cycloleucinol. The yellow solid was collected by 
filtration, washed with water and used for the next step without further purification. 
MS (ESF) m/z 388 (M+HJ + . 

b) 5-(BenzvlthioV7-J ri-fhvdroxvmethvncvclope ntvllaminoUl .31thiazolof4.5- 
rflpvrimidin-2(3flVone 

The product from step (a) (1.2 g, 3.1 mmol) was suspended in water (150 mL), DMSO (10 
mL) was added, and the mixture was heated to 80 °C. Solid sodium nitrite (2. 14 g, 3 1 
mmol) was added in one portion and the mixture was heated at 80 °C for 3 h. After cooling 
to RT, acetic acid (10 mL) was added, and the white precipitate was collected by filtration. 
Purification of the crude product by flash column chromatography (EtOAc:CH2Cl 2 30:70) 
afforded the title compound (288 mg, 24% over two steps) as a white solid. 
'H NMR (DMSO-ds) 5 12.45 (s, 1H), 7.44-7.22 (m, 5H), 7.0 (br s, 1H), 4.77 (t, 1H), 4.33 
(s, 2H), 3.63 (d, 2H), 1.98 (m, 2H), 1.75 (m, 2H), 1.60 (m, 2H), 1.49 (m, 2H); 
MS (ESI*) m/z 389 [M+H] + . 

c) 5-(BenzvlsulfonvlV7-f ri-fhvdroxvmethvncvclopentvna minol fl .31thiazolor4.5- 
rf |pyrimidin-2t3iin-one 

The title compound was prepared from the product of step (b), by following the procedure 
used in Example 1, step (d), and was obtained as an off-white solid in 86% yield. 
'H NMR (DMSO-dg) 6 12.45 (s, 1H), 7.45-7.22 (m, 5H), 7.11 (br s, 1H), 4.93 (t, 1H), 4.82 
(s, 2H), 3.60 (d, 2H), 1.98 (m, 2H), 1.72 (m, 2H), 1.60 (m, 2H), 1.46 (m, 2H); 
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MS (ESI*) m/z 421 [M+H] + . 

(d) 5-(Benzvloxv>-7-fri-flivdroxvmet h vncvclopentvl1aminoU1.31thia2Qlor4.5- 
rf1pyrimidin-2(3/n-one 

Solid sodium hydride (17 mg, 0.7 mmol) was added to a stined mixture of benzyl alcohol 
(ca. 850 pL) and toluene (ca. 150 nL) at 60 °C. The solution was stined at that temperature 
for 15 min, then the product of step (c) (42 mg, 0.1 mmol; 1 eq) was added as a solid in 
one portion, and the mixture was stirred at 60 °C for 1 h. After cooling to RT, the reaction 
was quenched by addition of saturated aqueous NH4CI (1 mL). The mixture was then 
partitioned between THF (10 mL) and water (10 mL). The organic phase was separated, 
dried, and concentrated. The residual oil was then triturated with EtOAc:hexane 1:1 (about 
15 mL). The residue was purified by preparative HPLC to give the title compound as an 
off-white crystalline solid (16% yield). 

! H NMR (DMSO-d.0 8 12.50 (s, 1H), 7.44-7.22 (m, 5H), 7.11 (br s, 1H), 5.13 (s, 2H), 4.90 
(t, 1H), 3.71 (d, 2H), 1.98 (m, 2H), 1.72 (m, 2H), 1.60 (m, 2H), 1.45 (m, 2H); 
MS (ESI 4 ) m/z 373 [M+H] + . 

The compounds of Examples 9 to 16 were prepared using the general method of Example 
8, step (d), but replacing benzyl alcohol with the appropriate alcohol. 

Example 9 7-1 ri-fHvdm xvmethvltcvclopentvllamiiift}-^-^ 

methylbenzvnoxvir 1 ■31th iazolor4.5-*/l pv rimidin-2f 3ffVn« ft 
Off-white solid (6.5 mg, 17% yield). 

'H NMR (DMSO-d«) 6 12.55 (s, 1H), 7.40 (d, 1H), 7.35-7.22 (m, 3H), 7.08 (br s, 1H), 5.13 
(s, 2H), 4.85 (t, 1H), 3.73 (d, 2H), 2.33 (s, 3H), 2.00 (m, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 
1.45 (m, 2H); 

MS (ESI+) m/z 387 [M+H] + . 

Example 10 7-iri-rHvdro xvmethvncvcInpentvnamiiioUS-r^- 
meth ylbenzvltoxvlf 1 -31thi azolor4.5-Jlpvrimidin-2f3ffl-ont> 
Off-white solid (6.5 mg, 17% yield). 
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*H NMR (DMSO-de) 8 12.52 (s, 1H), 7.37-7.20 (m, 3H), 7.05 (br s, 1H), 6.92 (d, 1H), 5.19 
(s, 2H), 4.82 (t, 1H), 3.70 (d, 2H), 2.38 (s, 3H), 2.00 (m, 2H), 1.76 (m, 2H), 1.63 (m, 2H), 
1.43 (m,2H); 

MS (ESF) tm/z 387 [M+H] + . 

Example 11 5-rf2-Chlorobenzvnoxv1-7-( Tl- 

(hydroxym ethyncvclopentvllaimnom.^^ 
Off-white solid (5.7 mg, 14% yield). 

'H NMR (DMSO-dfi) 8 12.42 (s, 1H), 7.31-7.05 (m, 4H), 7.05 (br s, 1H), 5.09 (s, 2H), 4.80 
(t, 1H), 3.70 (d, 2H), 1.93 (m, 2H), 1.75 (m, 2H), 1.60 (m, 2H), 1.43 (m, 2H); 
MS (ESO m/z 406 [M+H] + . 

Example 12 5-r(3-ChlorobenzvDoxv1-7-( fl- 

nivdroxvm ethvncvclopentvnaminoiri.31tbia2olor4.5-^Dvrimidin-2f3Jn-one 
Off-white solid (6. 1 mg, 15% yield). 

'H NMR (DMSO-dfi) 8 12.48 (s, 1H), 7.30 (s, 1H), 7.21-7.05 (m, 3H), 7.01 (br s, 1H), 5.12 
(s, 2H), 4.81 (t, 1H), 3.75 (d, 2H), 1.97 (m, 2H), 1.75 (m, 2H), 1.63 (m, 2H), 1.41 (m, 2H); 
MS (ESF) m/z 406 [M+H] + . 

Example 13 S-r(4-Chlorobenzvnoxv1-7-( fl- 

(hvdtoxvmethvncvclop entvllaminoU1.31thiazolor4.5-^pvrimidin-2(3fl)-one 
Off-white solid (6.1 mg, 15% yield). 

'H NMR (DMSO-dfi) 8 12.28 (s, 1H), 7.37 (d, 2H), 7.14 (d, 2H), 6.90 (br s, 1H), 5.22 (s, 
2H), 4.88 (t, 1H), 3.75 (d, 2H), 1.99 (m, 2H), 1.75 (m, 2H), 1.64 (m, 2H), 1.40 (m, 2H); 
MS (ESI*) m/z 406 [M+H] + . 

Example 14 7-(ri-(HvdroxvmethvDcvclopentvnaminol-5-r(2- 
methoxvben zvnoxviri.31thiazolor4.5-rflpvrimidin-2r3fn-one 
Off-white solid (4.8 mg, 12% yield). 

*H NMR (DMSO-dfi) 8 12.17 (s, 1H), 7.34 (d, 1H), 7.20 (m, 1H), 6.97-6.89 (3H), 5.31 (s, 
2H), 4.78 (t, 1H), 3.90 (s, 3H), 3.75 (d, 2H), 1.96 (m, 2H), 1.75 (m, 2H), 1.67 (m, 2H), 
1.41 (m, 2H); 
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MS (ESr> m/z 403 [M+H] + . 

Example 15 7-(ri-fHvdroxvmethvncv c1opentvnamino)-5-r(3- 
methoxvbenzvnoxviri.31thiazolor4.5- /flpvrimidin-2(3H)-one 
Off-white solid (7.2 mg, 18% yield). 

! H NMR (DMSO-de) 5 12.30 (s, 1H), 7.31-7.25 (m, 2H), 7.06 (d, 1H), 6.92 (s, 1H), 6.88 
(br s, 1H), 5.31 (s, 2H), 4.78 (t, 1H), 3.95 (s, 3H), 3.70 (d, 2H), 1.99 (m, 2H), 1.75 (m, 2H), 
1.63 (m, 2H), 1.40 (m, 2H); 
MS (ESF) m/z 403 [M+H] + . 

Example 16 4-f K7-( ri-(Hvdroxvmethv ncvcloDentv11aminol-2-oxo-23- 

dihvdrori.31thiazolor4.5-Jlpvrimidin -5-vnoxv1methvUbenzonitrile 
Off-white solid (5.2 mg, 13% yield). 

! H NMR (DMSO-d6) 5 12.28 (s, 1H), 7.57 (d, 2H), 7.44 (d, 2H), 6.90 (br s, 1H), 5.37 (s, 
2H), 4.80 (t, 1H), 3.75 (d, 2H), 2.02 (m, 2H), 1.73 (m, 2H), 1.60 (m, 2H), 1.40 (m, 2H); 
MS (ESI*) m/z 398 [M+H] + . 

Example 17 (Jg.5V7-rri-fHvdroxvmethvl'>cvclopen tvnamino1-5-(l- 
phenvlethoxvVtbiazolor4^-rflpy ritnidin-2f3ff>-one 

n-BuLi (0.405 mL, 0.648 mmol, 1.6M in hexanes) was added to a stirred solution of 
racemic 1-phenyl-ethanol (87 mg, 0.72 mmol) in dry THF (0.2 mL) at RT. After 5 min 
stirring this mixture was added dropwise to the product of Example 8, step (c) (15.2 mg, 
0.036 mmol) in dry THF (0.4 mL). When the addition was finished, the reaction mixture 
was stirred at 50 °C for 18 h. After cooling to RT, the reaction mixture was concentrated, 
and the residue dissolved in DMSO (1 mL) and then purified by preparative HPLC to give 
3.3 mg (24%) of the title compound as a white solid. 
MS (ESI*) m/z 387 [M+H] + . 

Example 18 7-1 ri-fHvdroxvmethvncvclopentvll aminol-5-l r(15Vl- 

phenvlethvnoxvl r 1 .31thiazolor4 ^-^pvrimidin-2(3HVone 

The title compound was prepared (7% yield) using the general method of Example 17, but 
replacing racemic 1-phenyl-ethanol with (15)-l-phenyl-ethanol. 
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MS (ESD m/z 387 [M+Hf. 

Example 19 5-f r2-f3-ChlorophenvlVf^.5^-ethvnsulfin vn-7-( U 1/fl-l- 

nwdroxvmethvlV3-methvlbuWl1aimno)a^^ 

5 

fa* (2RY2- f 2-Chloro-542^hloro-7-ff lJgVl-hvdroxvmethvl-3-methvl-butvlaminoV 

tMazolor4.5-^pvrinn^n-5-vlmsulfanvl1-^ 

pentan-l-ol 

To a slurry of (2/?)-2-[[2-aimno-5-mercapto[l,3]tWaro^ 

10 methylpentan-l-ol (WO 02/76990) (7.50 g, 25 mmol) in a mixture of cone. HC1 and 

CH 3 CN (1:1, 300 mL) at 0 °C was added dropwise a solution of sodium nitrite (5.19 g, 75 
mmol) in water (25 mL). The reaction mixture was stirred for 18 h at 0-5 °C, and then 
poured onto ice (500 mL), and extracted with EtOAc with any remaining solid being 
filtered off. The combined organic phases were washed sequentially with saturated NaCl 

is and saturated aqueous NaHCOj solution. The organic phase was dried and evaporated and 
the solid previously filtered off was added to this. The total solid was slurried in EtOAc 
which, after filtration, provided the title compound (6.3 g, 80%) as a pale yellow solid. 
*H NMR (400 MHz, DMSO-de; integrals are for the monomeric unit) 8 7.98 (d, 1H), 4.47 
(t, 1 H), 3.99 (br s, 1 H), 3.19-3.14 (m, 2 H), 1.31-1.15 (m, 2 H), 1.02-0.94 (m, 1 H), 0.48 

20 (d,3H),O.30(d,3H); 

MS (ESI*) m/z 635 [M+H] + . 

(fr> (2KV2-{5-r7-((li?yi-Hvdroxvmethvl-3- 
^pvrimidin-5-vldisulfanvl1-2-memoxv-wia^^ 
25 pentan-l-ol 

To a solution of the product from step (a) (3.0 g, 4.7 mmol) in dry MeOH (200 mL) was 
added KOH (0.53 g, 9.4 mmol) dissolved in dry MeOH (5 mL). The reaction was 
maintained at 0-5 °C for 18 h. The solvent was evaporated and the residue taken up in 
MeOH/EtOAc (1:1). This solution was rapidly chromatographed (silica, EtOAc) to provide 
30 the title compound (2.0 g, 68%) as a white solid. 
MS (ESD m/z 627 [M+H] + . 
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(„ ) S.p.f rnffVl-fHvdroxvmethvlVS-met b ylhutvnaniinol-n 31thiazolor4 > 5-^pvrimidin- 
7pH >-nn^-vldisulfanvn-7-n(lj;Vl- fhvdroxvmethvn-3- 
m e thv1hutvllaminoU1.31thia 7.o1or4.5-JlDvrimidin-2(3fl)-one 

To a solution of the product from step (b) above (1.5 g, 2.4 mmol) in 1,4-dioxane (20 mL) 
s was added a mixture of cone. HC1 and water (40 mL, 1:1). The solution was then stirred at 
45 °C for 18 h. The solvent was evaporated and the residue taken up in EtOAc 
(undissolved residue was filtered off and was found to be pure by LCMS). The solution 
was subjected to flash chromatography (silica, MeOHtEtOAc 5:95). The two samples were 
pooled together to give a white solid (600 mg, 42%, 75% pure by HPLC). This material 
10 was used without further purification in the ensuing reactions. 

l H NMR (DMSO-dV, integrals are for the monomeric unit) 8 12.45 (s, 2H), 7.33 (d, 2H), 
4.62 (t,2H), 4.17 (brs, 2H), 1,48-1.31 (m,4H), 1.25-1.14 (m,2H), 0.72 (d,6H), 0.56 (d, 
6H); 

MS (ESI*) tn/z 599 rM+Hf. 

15 

(d) 1-( , 2-BromoethvlV3-chlorobenzene 

To a solution of 2-(3-chlorophenyl)ethanol (1.06 g, 6.0 mmol) in CH 2 C1 2 (50 mL) at RT 
under nitrogen was added CBr 4 (1.98 g, 5.8 mmol) and PPh 3 (1.57 g, 5.8 mmol). After 
stirring at RT for 18 h the reaction mixture was concentrated and the residue diluted with 
20 Et z O (30 mL) resulting in precipitation of triphenylphosphine oxide; The ethereal solution 
was decanted, evaporated and purified via flash chromatography (silica, hexane) to provide 
2-(3-chloro)phenylethyl bromide as a clear oil (57%). 

*H NMR (400 MHz, DMSO-dfi) 8 7.39-7.22 (m, 3 H), 7.18-7.09 (m, 1 H), 3.63-3.51 (m, 2 
H), 3.25-3.17 (m, 2 H); 
25 13 C NMR (100.6 MHz, DMSO-de) 8 141.2, 134.6, 130.7, 129.3, 127.6, 127.3. 

(e* 5-<r2-f3-Chlorophenvltethvl1thiol-7-ir(ll ?Vl-fhvdroxvmethvlV3- 
memvlbutvllaminoiri.31thiazolor4. 5-^pvrimidin-2(3ffl-one 

To a stirred solution of the product from step (c) above (30.0 mg, 0.05 mmol) in DMSO 
so (0.5 mL) at RT was added NaBEU (5.6 mg, 0.125 mmol). Once effervescence had ceased, 
the product from step (d) above was added (20 mg, 0.09 mmol). The reaction was complete 
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after 18 h at RT. Purification was achieved using preparative HPLC to give a white solid 
(90%). 

'H NMR (400 MHz, DMSO-d*) 8 7.38-7.02 (m, 5 H), 6.08 (br s, 1 H), 4.29 (br s, 1 H), 
3.60 (dd, 1 H), 3.49 (dd, 1 H), 3.26-3.18 (m, 2 H), 2.92 (t, 2 H), 1.63-1.55 (m, 1 H), 1.46- 
1.31 (m, 2 H), 0.82 (d, 3 H), 0.81 (d, 3 H); 
MS (ESI*) m/z 439 [M+H] + . 

ffl 5-( r2-(3-Chlorophenvnethvn-f/;g . ^Vsulfinvl V-7-f r(l/?Vl-(hvdroxvmethvlV3- 
methvlbutvnamino)ri.31thiazolor4.5-rflpvrimidin-2(3H)-one 

To a stirred solution of the product from step (e) above (15 mg, 0.025 mmol) in MeOH (2 
mL) at RT was added potassium peroxymonosulfate (Oxone, 20.5 mg, 0.033 mmol). After 
1.5 h the reaction was quenched by addition of water and saturated aqueous Na 2 S 2 03. The 
aqueous phase was extracted with EtOAc, dried and evaporated. Purification was achieved 
using preparative HPLC to give the tide compound as a white solid (mixture of two 
unresolved diastereoisomers, 1 : 1 ; 27%). 

'H NMR (400 MHz, DMSO-cfe) 5 7.19-7.01 (m, 8 H), 6.99-6.98 (m, 2 H), 4.52 (t, 2 H), 
4.07 (br s, 2 H), 2.87-2.80 (m, 2 H), 2.76-2.63 (m, 2 H), 1.27-120 (m, 2 H), 1.19-1.04 (m, 
4H), 0.70-0.66 (12 H,m); 
MS (ESI*) m/z 455 [M+H] + . 

Example 20 5-1 r2-(2-Bromophenvltemvn-fife^Vsulfinvl l-7-( KLRVl- 

mvdroxvme thvlV3-methvlbutvnaminoU1.31miazolor4.5-^Pvrimidin-2(3fn-one 

(a) 5-( r2-(2 -BromophenvDethvnthiol-7-l r(li?Vl-fhvdroxvmethvn-3- 
memvlbutvnaminoiri.31thiazolor4.5-rflpvriniidin-2(3/n-one 

By following the procedure in Example 19, step (e), the title compound was obtained as a 
white solid in 58% yield from the reaction of the product of Example 19, step (c) with 1- 
(2-bromoethyl)-2-bromobenzene which, in turn, was prepared from 2-(2- 
bromophenyl)ethanol according to the procedure described in Example 19, step (d). 
'H-NMR (CDC1 3 ) 5 7.55 (unresolved dd, 1H), 7.29 (dd, 1H), 7.25 (unresolved dt, 1H), 
7.10 (dt, 1H), 5.1 (br s, 1H), 3.82 (dd, 1H), 3.67 (dd, 1H), 3.89 (app dt, 2H), 3.16 (t, 2H), 
1.85-1.63 (m, 1H), 1.58-1.42 (m, 2H), 0.95 (d, 3H), 0.93 (d, 3H); 
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MS (ESr> m/z 483, 485 [M+H] + . 

(b) 5-( r2-(2-Bromophenvnethvl1-(/g | c.^^sulfinvn-7-f r(l/gVl-flivdroxvmethvn-3- 
methvlbutv1]flminn}f1 ,^1 thiazolor4.5-<nDvrimidin-2(3/r>-one 
The title compound was obtained as a clear film in 62% yield (1:1 mixture of two 
unresolved diastereoisomers) from the product of step (a), by following the procedure 
described in Example 19, step (f). 

'H-NMR (CD 3 OD) 8 7.50 (app dd, 1H), 7.27-7.21 (m, 2H), 7.12-7.06 (m, 1H), 4.97 
(protons in the water peak, 3H) 4.45 (br s, 1H), 3.57-3.48 (m, 2H), 3.48-3.42 (m, 2H from 
one diastereomer), 3.37-3.30 (m, 2H from one diastereomer), 3.23-3.19 (m, 2H from one 
diastereomer), 3.07-3.01 (m, 2H from one diastereomer), 1.68-1.63 (m, 1H), 1.55-1.37 (m, 
2H), 0.92 (d, 3H from one diastereomer), 0.90 (t, 6H from one diastereomer), 0.87 (d, 3H 
from one diastereomer); 
MS (ESI 4 ) m/z 499, 501 [M+HJ*. 

Example 21 5-r(2,3-Difluoroben2vlW/k^ 
(hvcux>xvmemvlV3-memv1b utvl1aminoU^ 

The title compound was obtained as a white solid in 41% yield (1:1 mixture of two 
unresolved diastereoisomers) starting from the product of Example 1, step (c) by following 
the general procedure described in Example 19, step (f). 

*H NMR (DMSO-dg) 8 12.86 (b s, 1H), 7.68 (b s, 1H) 7.45-7.32 (m, 1H), 7.20-7.10 (m, 
1H), 7.05-6.90 (m 1H), 4.77 (b s, 1H), 4.62-4.48 (app t, 1H), 4.38-4.20 (m, 2H), 3.90 (2H, 
partially under the water peak), 1.58 (b s, 1H), 1.50-1.30 (m, 2H), 0.88 (d, 3H), 0.84 (d, 
3H); 

MS (ESI*) m/z 443 [M+H] + . 

Example 22 5-rBen2vl-(/?g.<? 5 Vsulfinvn-7-f r(lj?Vl-fhvdroxvmethvn-3- 

methvlbutvnamino ) ri.31t Ma2olor4.5-^pvrimidin-2(3ff>-one 



(a) (2/g)-2-irS-ffienzvltMoV2-memo xvri.31miazolor4.5-^pvrimidin-7-vl1amin 
meth vlpentan- l-ol 
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To a suspension of (2/J>2-{[5-(benzylthio)-2-bromo[13]thiazolo[4,5^pyrimidin-7- 
yl]aimno}-4-methylpentan-l-ol (1.90 g, 4.19 mmol) (WO 02/76990) in anhydrous MeOH 
(45 mL) was added potassium hydroxide (0.52 g, 9.22 mmol). The mixture was stirred at 
RT for 35 minutes followed by the addition of cone. HC1 to pH 5. The solvent was 
5 evaporated and the crude solid was partitioned between water and methylene chloride. The 
organic phase was washed twice with water, brine, dried (MgSCk), filtered, and the solvent 
was evaporated. The product was dried in vacuo at 35 °C for 2 h to give 1.72 g 
(quantitative yield) of the title compound as an orange solid. 

'H NMR (CDC1 3 ) 8 7.43 (d, 2H), 7.32-7.20 (m, 3H), 4.54 (d, 1H), 4.45-1.43 (m, 2H), 4.40- 
10 4.30 (m, 1H), 4.26 (s, 3H), 3.78-3.71 (m, 1H), 3.62-3.55 (m, 1H), 2.28 (t, 1H), 1.72-1.61 
(m, 1H), 1.53-1.38 (m, 2H), 0.96-0.89 (m, 6H); 
MS (ESI") m/z 405 [M+H] + . 

fb) 5-reenzvltMoV7-(raift-l-(hvdto^^ 

15 <flpvrimidin-2(3H)-one 

To a solution of the product from step (a) (1.72 g, 4.25 mmol) in 1,4-dioxane (50 mL) and 
water (1 mL) was added cone. HC1 (0.91 mL). The mixture was heated at 45 °C for 15 h 
followed by evaporation of the solvent. A mixture of EtOAc/methylene chloride (5 mL, 
30:70) was added and the solution was subjected to a stream of nitrogen gas for 2.5 h. The 

20 resulting solid was filtered off and washed with methylene chloride followed by EtOAc. 
The mother liquor was concentrated and flash chromatographed on silica (eluent EtOAc 
:methylene chloride 30:70). The two products were pooled resulting in 1.11 g (67% yield) 
of the title compound as a white solid. 

'H NMR (DMSO-de) 8 12.35 (br s, 1H), 7.43-7.39 (m, 2H), 7.31-7.19 (m, 4H), 4.36-4.23 
• /' 2s (m, 3H), 3.45-3.28 (m, 1H) overlapping with H 2 0-signal, 1.63-1.51 (m, 1H), 1.46-1.31 (m, 
2H), 0.88-0.78 (m, 6H); 
MS(ESr f )m/z391[M+H] + . 

r * + 
m 

(c) 5-fBenzvl>f/e^^-sulfinvn-7-l Kl flM-(hvdroxvmethviy-3- 
!-/ 30 methvlbutvllamino 1 Tl 31thiazolor4,5-/flpvrimidin>2(3//Vone 

; m The tide compound was obtained as a white solid in a 17% yield (1 : 1 mixture of two 

" ■ - • m imresol ved diastereoisomers) by following the method described in Example 19, step (f). 
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*H NMR (DMSO-d6) 8 12.82 (br s, 1H), 7.49 (br s, 1H), 7.34-7.26 (m, 3H), 7.17-7.10 (m, 
2H), 4.76 (app t, 1H), 4.37 (dd, 2H from one diastereomer) overlapping with 4.30 (br s, 
1H), 4.18 (dd, 2H from one diastereomer), 3.48-3.22 (m, 2H) overlapping with H 2 0-signal, 
1.59 (br s, 1H), 1.49-1.32 (m, 2H), 0.93-0.82 (m, 6H); 
s MS (ESF) m/z 407 [M+H] + . 

The compounds of Examples 23 to 25 were prepared using the general method of Example 
19, step (f). The precursor sulfides were prepared according to the method of Example 19, 
step (e), but replacing l-(2-bromoethyl)-3-chlorobenzene with the appropriate benzylic 
10 halide, all of which are commercially available. 

Example 23 5-r(2-ChlorobenzvlW^.^Vsulfinvn-7-( rn ^-l-(hvdroxvmethvlV3- 

memvlbutvl1aminoU131miazolor4.5-^pvri midin-2f3H)-one 

is (a) 5-K2-Chlorobenzvnthio1-7-f raigVl-0ivdroxvmethvlV3- 
memvlbutvl1anMnoK1.31miazolor4.5-Jlpvrimidin-2f3fl)-one 
The title compound was obtained as a white solid in 52% yield from the product of 
Example 19, step (c), and l-chloro-2-(chloromethyl)benzene. 

l H NMR (CD 3 OD) 8 7.62-7.56 (m, 1H), 7.36-7.30 (m, 1H), 7.40-7.35 (m, 1H), 7.25-7.19 
20 (m, 2H), 4.47 (dd, 2H) overlapping with 4.42 (br s, 1H), 3.56-3.47 (m, 2H), 1.71-1.59 (m, 
1H), 1.56-1.46 (m, 1H), 1.45-1.36 (m, 1H), 0.92 (d, 3H), 0.89 (d, 3H); 
MS (ESlT) m/z 425 [M+H] + . 

(b) 5-rf2-ChlorobenzvlV(^.^V S ulfinvl1-7-(r(lJ ?Vl-fhvdroxvmethvn-3- 
/' 25 meth vlbutvllamino I F 1 31thiazolor4,5Hi1pvrimidin-2(3gVone 

: . The title compound was obtained as an off-white solid in a 30% yield (1:1 mixture of two 

« * 

unresolved diastereoisomers). 
'['-, l H NMR (CD 3 OD) 8 7.44 (d, 1H), 7.36-7.30 (m, 1H), 7.30-7.23 (m, 2H), 4.70 (dd, 2H 

- . : from one diastereomer), 4.46 (br s, 1H), 4.37 (app t, 2H from one diastereomer), 3.58-3.47 

• 30 (m, 2H), 1.72-1.60 (m, 1H), 1.55-1.38 (m, 2H), 0.97-0.88 (m, 6H); 

MS (ESI 4 ) m/z 441 [M+Hf. 
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Example 24 S-rf^ChlorobenzvD-ffl ^. ^Vsulfmvn-T-tfrijgVl-fhvdroxvmethvlVS- 
methvlbut vnamino ) r 1 31wiazolof4.5-^pvrinudin-2(3/f>-one 

to 5-rf4-Ch lorobenzvnthio1-7-( r(liRVl-(hvdroxvmethvlV3- 

methvlbutvl1amino)ri.31 thiazolor4.5-J]pvrimidin-2(3/n-one 

The title compound was obtained as a white solid in 58% yield from the product of 

Example 19, step (c) and l-chloro-4-(chloromethyl)benzene. 

'H NMR (CD 3 OD) 8 7.41 (app d, 2H), 7.28 (app d, 2H), 4.39 (br s, 1H) overlapping with 
4.34 (dd, 2H), 3.56-3.46 (m, 2H), 1.70-1.59 (m, 1H), 1.54-1.45 (m, 1H), 1.45-1.36 (m, 
1H), 0.92 (d, 3H), 0.87 (d, 3H); 
MS (ESI*) m/z 425 [M+H] + . 

(b) 5-r(4-Chloroben2vlV(/?c..ycVsiilfi nvn-7-(r(lgVl-(hvdroxvmethvlY.3- 

memvlbutv l1aminoiri.31thiazolof4.5-ff1pvrimidin-2f3g>-one 

The title compound was obtained as a white solid in 25% yield (1:1 mixture of two 

unresolved diastereoisomers). 

l H NMR (CD3OD) 8 7.28 (app t, 2H), 7.12 (app d, 2H), 4.45 (br s, 1H) overlapping with 
4.42 (dd, 2H from one diastereomer), 4.27 (dd, 2H from one diastereomer), 3.58-3.47 (m, 
2H), 1.72-1.57 (m, 1H), 1.55-1.35 (m, 2H), 0.98-0.86 (m, 6H); 
MS (ESD m/z 441 [M+H] + . 

Example 25 5-rBenzvl-f/? T .^)-sulfinvl1-7-f r(ljgVl-fhvdroxvmethvn-2- 

memvlpropynaminoiri 31tmazolor4.5-^pvrimidin-2(3/n-one 

The title compound was obtained from the product of Example 7, step (c) as a white solid 
in a 17% yield (1:1 mixture of two unresolved diastereoisomers) by following the 
procedure of Example 19, step (f). 

l H NMR (DMSO-ds) 8 12.73 (br s, 1H), 7.63 (br s, 1H), 7.32-7.26 (m, 3H), 7.18-7.12 (m, 
2H), 4.67-4.62 (m, 1H), 4.37 (dd, 2Hfrom one diastereomer), 4.20 (d, 2H from one 
diastereomer), 4.12-4.02 (m, 1H), 3.60-3.45 (m, 2H), 1.95-1.85 (m, 1H), 0.93-0.83 (m, 
6H); 

MS (ESI+) w/z 393 [M+H] + . 



36 

Pharmacological Screens 

Materials 

Recombinant human fractalkine (hCX 3 CLl) was purchased from PeproTech Inc., UK. 
Recombinant [ 125 I]-fractalkine (human), with a specific activity of 2200 Ci/mmol, was 
purchased from NEN® Life Science Products, Inc., UK. Fluo4-AM was purchased from 
Molecular Probes, US. All other chemicals were of analytical grade. 

Expression of human fractalkine receptor (hCX 3 CRl) 

The complete human CX3CR1 cDNA (GenBank accession number U20350) was extracted 
from human brain mRNA (Superscript, Life Technologies) and ligated into pCR-Blunt H 
TOPO vector (InVitrogen). The insert corresponding hCX3CRl was isolated and further 
subcloned into pcDNA3. lzeo. Plasmid DNA was prepared using Plasmid Midi Kit 
(Qiagen). Using Superfect Transfection Reagent (Qiagen) according to the manufacture's 
protocol the expression plasmid for hCX 3 CRl was then introduced into human embryonic 
kidney suspension (HEKS) 293 cell line containing a vector for stable expression of a 
chimeric G-protein Gaq i5 . A stable clone was generated utilizing zeocin (500 ug/ml) and 
hygromycin (100 ug/ml) selection. For further applications the cells were maintained in 
Dulbecco's modified Eagle's medium/Ham's nutrient mix F12 (DMEM/F12) containing 
pyridoxine and supplemented with 10% (v/v) fetal bovine serum, 2mM L-glutamine, 100 
U/ml penicillin and 100 mg/ml streptomycin, 250 ug/ml zeocin and 100 ug/ml 
hygromycin. 

Ligand Binding Assay 

For the competition binding assay cells were harvested in buffer containing 10 mM Tris- 
HC1, pH 7.4, 5 mM emylenediaminetetra-aceticacid (EDTA) and 0.1 mg/ml bacitracin (a 
protease inhibitor) and centrifuged at 300xg for 10 min. Cell pellets were then resuspended 
in harvesting buffer, pooled and homogenised using Dounce horaogeniser. Cell membranes 
were centrifuged at 48000xg for 10 min and then resuspended in harvesting buffer using 
Ultra-Turrax T8 (TKA Labortechnik, Germany). Protein concentration was determined in 
microliter plates as described by Harrington (1990, Anal. Biochem. 186, 285 - 287). 
Membrane aliquotes were stored at -70 °C. Receptor expression was confirmed with [ 125 IJ- 
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fractalkine binding using whole cells. Competition binding assays were performed in 2ml 
96-deep-well plates (Beckman, Germany) in a total volume of 1000 pJ/well. Each well 
contained 10 pM [ 125 I] -fractalkine and membrane equivalent to receptor concentration of 1 
pM in assay buffer [50 mM Hepes-KOH, pH 7.4, 10 mM MgCl 2 , 1 mM EDTA, 0,1 % 
(w/v) gelatin]. Test compounds were pre-dissolved in DMSO and added to reach a final 
concentration of 1 % (v/v) DMSO. The assay was initiated with the addition of membranes 
and incubated at 25°C for 24 h. Assay plates were filtrated with a Tomtec cell harvester 
(Tomtec, US) using ice-cold wash buffer (lOmM Hepes-KOH pH 7.4, 500mM NaCl) and 
harvested onto printed filtermat B, GF/B (PerlrinElmer lifeScience.US) presoaked in 0.3% 
polyetyhlenimine. MeltiLex solid scintillator (PerkinElmer LifeSciences,US) were melted 
onto filters and radioactivity was measured in a Wallacl205 Betaplate counter 
(PerkinElmer LifeScience, US). 

Solubility Assay 

Method Description 

100 jaM Solutions in duplicate, prepared by dilution from a 10 mM DMSO stock solution 
of the test compound, were incubated in 0.1M phosphate buffer, pH 7.4, in a 96-well plate 
(PP plate, 350 pi U-shaped wells, COSTAR) on a plate bed shaker (TKA®-Schttttler MTS- 
4, IKA Labortechnik) at 300 rpm and room temperature (20-22 °C) for 24 hours. 

The solutions were transferred to a MuluScreen™-R4 96-well filtration plate (LCR 
membrane, 0.4 fim hydrophilic PTEE, non-sterile glass-filled PP plate, 350 fd wells, 
Millipore) and filtered under vacuum to a 96-well collection plate (PP plate, 350 fil U- 
shaped wells, COSTAR), called the analyte plate, using Millipore Vacuum Manifold 
equipment The analyte plate was covered by heat-sealing with an aluminium foil coated 
with a PP seal layer (AB-0813, pierceable sealing foil strong, ABgene). 

LC-UV-MS analysis was performed using a generic LC method. 

Single point quantification was performed against two 100 pM standards of the test 
compound dissolved in DMSO at the wavelength showing maximum UV absorbance as 
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extracted from the DAD-trace (210 - 400 nm). The upper limit of the screen method is 100 
jiM with a LOQ of 0.1 pM. 

Results 

s When tested in the ligand binding assay, the compounds of Examples 1 to 25 gave Ki 
values of less than 10 yM, indicating that they are expected to show useful therapeutic 
activity. Representative ligand binding and solubility data are shown in the following 
Table in which four Examples from the present application are compared with the 
corresponding sulphide derivatives (X = S) from within the generic scope of 

io WO 01/25242: 



101220-1 SE 



39 



Compound 


Solubility 
(MM) 


CX3CRI Receptor 
Ki(nM) 


1 

<\ 


X = vJ 

Example 1 


29 


44.6 




X = S 


13 


50.0 


1 


x=o 

Example 2 


78.5 


53.1 


X = S 


3.5 


45.0 


o=/yS T 
P n x/ yt f 


Example 21 


>100 


38.0 


X = S 


2.1 


10.0 


Y 

HN 


X = S(0) 
Example 25 


>100 


286.7 


X=S 


8.5 


179.1 
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Claims 

1 . A compound of formula (J) 




wherein: 

R 1 and R 2 independently represent H, CI to 8 alkyl, C2 to 8 alkenyl, C2 to 8 alkynyl or C3 
10 to 7 saturated or partially unsaturated cycloalkyl; the latter four groups being optionally 
further substituted by one or more groups selected independently from OH, CI to 6 alkoxy, 
CH 2 OR 4 , NR 5 R 6 , CO2R 7 and CONR 8 R 9 ; 

R 3 represents CI to 6 alkyl, C2 to 6 alkenyl, C2 to 6 alkynyl or C3 to 7 saturated or 
partially unsaturated cycloalkyl; said alkyl, alkenyl or alkynyl chain optionally including a 
O, NR 10 or S atom in the chain; said alkyl, alkenyl, alkynyl or cycloalkyl group being 
optionally substituted by phenyl or a 5 or 6 membered heteroaromatic ring containing 1 to 
3 heteroatoms selected independently from O, S and N; said phenyl or heteroaromatic ring 
being optionally further substituted by one or more groups selected independently from 
halogen, CI to 4 alkyl, OH, CI to 4 alkoxy, CN, C02R 11 , NR I2 R 13 , CONR R , 
S0 2 R 16 , NR 17 S0 2 R 18 and S0 2 NR 19 R 20 ; 

X represents O or S(0); 
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R^R^R^R 7 ,R 8 ,R 9 .R l0 ,R Il ,R l ^R l ^R M ,R ,5 .R 16 .R ,7 .R I8 .^ 9 ->' lR20 

independently represent H or CI to 6 alkyl; 

and pharmaceutically acceptable salts thereof. 

* 

2. A compound according to Claim 1 wherein R 1 represents H or CH3. 

2 

3. A compound according to Claim 1 or Claim 2 wherein R represents CI to 8 alkyl 
substituted by OH or C3 to 7 cycloalkyl substituted by OH or CH2OR . 

4. A compound according to any one of Claims 1 to 3 wherein R3 represents CI to 2 
alkyl substituted by phenyl; said phenyl being optionally substituted by halogen, CI to 6 
alkoxy or CN. 

5. A compound of formula (I), according to any one of Claims 1 to 4, or a 
pharmaceutically acceptable salt thereof, for use as a medicament 

6. A pharmaceutical formulation comprising a compound of formula (I), as defined in 
any one of Claims 1 to 4, or a pharmaceutically acceptable salt thereof, optionally in 
admixture with a pharmaceutically acceptable diluent or carrier. 

7. A method of treating, or reducing the risk of, a human disease or condition in which 
antagonism of the CX3CRI receptor is beneficial which comprises administering to a 
person suffering from or susceptible to such a disease or condition, a therapeutically 
effective amount of a compound of formula (I), as defined in any one of Claims 1 to 4, or a 
pharmaceutically acceptable salt thereof. 

8. The use of a compound of formula (I) as defined in any one of Claims 1 to 4, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the 
treatment or prophylaxis of human diseases or conditions in which antagonism of the 

CX3CRI receptor is beneficial. 
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9. The use of a compound of formula (I) as defined in any one of Claims 1 to 4, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the 
treatment or prophylaxis of neurodegenerative disorders, demyelinating disease, 

s atherosclerosis or pain. 

10. A process for the preparation of a compound of formula (I), as defined in any one of 
Claims 1 to 4, or a pharmaceutically acceptable salt thereof, wherein the process 
comprises: 

10 (a) when X in formula (I) represents O, reaction of a compound of formula (IT) 
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0 N^N*S(0) 2 --R 3 



(H) 

led in < 

with a compound of formula (HI) 



wherein R 1 , R 2 and R 3 are as defined in Claim 1; 



R- OH 



(I") 

wherein R is as defined in Claim 1 and is independent of the R group in formula (II); or 
(b) when X in formula (I) represents S(Q), oxidation of a compound of formula (TV) 
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(IV) 



wherein R 1 , R 2 and R 3 are as defined in Claim 1; with one equivalent of an oxidising 



agent; 



and where necessary converting the resultant compound of formula (D, or another salt thereof, 
into a pharmaceutical^ acceptable salt thereof; or converting the resultant compound of 
formula (T) into a further compound of formula CD; and where desired converting the resultant 
compound of formula (I) into an optical isomer thereof. 



101220-1 SE 



44 

Abstract 

There are disclosed novel compounds of formula (£) 




wherein R l , R 2 , R 3 and X are as defined in the specification, and pharmaceutical^ 
acceptable salts thereof, together with processes for their preparation, pharmaceutical 
compositions comprising them and their use in therapy. The compounds of formula (I) 
CX3CRI receptor antagonists and are thereby particularly useful in the treatment or 
prophylaxis of neurodegenerative disorders, demyelinating disease, atherosclerosis a 
pain. 



